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Background: The objective of the study is to provide evidence for selecting the best treatment approach for
severe flail chest by comparing surgical and conservative treatments.
Methods: This is a retrospective study in which 32 patients with severe flail chest were treated in the Fujian Provincial
Hospital (China) between July 2007 and July 2012 with surgical internal rib fixation (n = 17) or conservative treatments
(n = 15). Mechanical ventilation time, intensive care unit (ICU) stay time, pulmonary infection, antibiotic treatment
duration, acute physiology and chronic health evaluation II (APACHE II) scores 7 and 14 days after trauma, rate of
tracheostomy, and rate of endotracheal re-intubation were compared.
Results: One patient died in the conservative treatment group. Better short-term outcomes were observed in the
surgery group, such as total mechanical ventilation time (10.5 ± 3.7 vs. 13.7 ± 4.4 days, P = 0.03), ICU stay (15.9 ± 5.0
vs. 19.6 ± 5.0 days, P = 0.05), pulmonary infection rate (58.8 % vs. 93.3 %, P = 0.02), and APACHE II scores on the 14th
day (6.5 ± 3.8 vs. 10.1 ± 4.7, P = 0.02). No difference was observed in the therapeutic time of antibiotics, rate
of tracheostomy, and the rate of endotracheal re-intubation between the two groups.
Conclusions: Results suggest that internal fixation surgery resulted in better outcomes in the management of severe
flail chest compared with conservative treatments.
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Blunt thoracic trauma is one of the most common trau-
mas and results in flail chest in about 10 % of cases [1].
Flail chest occurs when three or more adjacent ribs are
fractured in at least two places, creating a chest wall seg-
ment that moves paradoxically from the remaining chest
wall. Flail chest is associated with significant morbidity
and mortality (10–15 % mortality) [1]. Loss of chest
wall integrity could induce lobar atelectasis and alveolar
collapse; pain and accumulation of secretions could fur-
ther aggravate pulmonary atelectasis, decrease tidal vol-
ume, and induce hypoventilation. The pathophysiology
of severe flail chest is rooted in the combination of an
underlying pulmonary parenchymal contusion and the
paradoxical motion of the flail segment that results in* Correspondence: yrgmedsci@163.com
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leading to hypoventilation of the damaged area. Com-
pensatory mechanisms in response to hypoventilation
include pulmonary vasoconstriction which leads to shunt-
ing, leading to pulmonary hypertension. For patients
with pulmonary parenchyma injuries, hemothorax and/or
pneumothorax could also impair generate negative intra-
thoracic pressure and contributes to the ventilation/per-
fusion mismatch [2]. Therefore, flail chest may induce
respiratory distress, hyoxemia, and/or hypercapnia, and
the patient may need mechanical ventilation. The mortal-
ity rate also increases substantially with age and the num-
ber of fractured ribs [3].
Two treatment approaches are available for flail chest:
surgical and conservative [4, 5]. Standard conservative
treatment mainly requires positive pressure ventilation,
along with analgesia, bronchoalveolar lavage via fiberop-
tic bronchoscopy, local pressure bandaging of the looseis an Open Access article distributed under the terms of the Creative Commons
rg/licenses/by/4.0), which permits unrestricted use, distribution, and
iginal work is properly credited. The Creative Commons Public Domain
g/publicdomain/zero/1.0/) applies to the data made available in this article,
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Conservative treatment could result in deformities of the
thoracic wall, which could result in chronic pulmonary
insufficiency and pleuritic chest pain [7]. And the ban-
dages limited paradoxical chest wall segment also made
the patients to remain supine for a long period of time,
which led to underlying complications. However, despite
favorable outcomes, surgery is associated with some crit-
icisms, such as unknown long-term outcomes, surgical
trauma, wound infections, and technical anatomical dif-
ficulties [5, 8, 9]. Besides that, great advances in mechan-
ical ventilation during recent years also help the patients
of conservative treatment out of threats from respiratory
failure earlier. A recent meta-analysis supports the use
of surgery for flail chest but underlines the need for an
adequately powered clinical trial [10]. And a recent pro-
spective randomized study of 46 patients reported favor-
able outcomes when using surgery to treat flail chest
[11]. Nevertheless, the correct treatment approach is still
controversial [5]. In addition, since there is a lack of
knowledge about the operation indications and benefits
from surgery and the new technologies, physicians’ sur-
gery awareness is extremely low [12].
Therefore, there is still a controversy about whether
flail chest should be treated with surgical or conservative
treatment. In the present study, we retrospectively ana-
lyzed the data from 32 patients with severe flail chest
that had been treated with the conservative or surgical
approach in our hospital between July 2007 and July
2012. We aimed to provide evidence for choosing the
best treatment method for patients with severe flail
chest.Methods
Subjects
Patients with multiple rib fractures who had been treated
in our hospital between July 2007 and July 2012 were
included. The patients were divided into two groups,
namely the conservative and the surgery groups, accord-
ing to the treatment they originally received. Patients in
the conservative group received standard conservative
treatment, while the patients in the surgical group under-
went surgical internal fixation. The present study was
approved by the ethics committee of the Fujian Provin-
cial Hospital.Inclusion and exclusion criteria
Inclusion criteria were: 1) four or more rib fractures;
2) abnormalities of the thoracic cage and paradoxical
breathing; and 3) requirement for mechanical ventilation
during treatment. Exclusion criteria were: 1) age <14 or
>75 years; 2) severe craniocerebral trauma (Glasgow
Coma Scale [GCS] score <8); 3) no spontaneous breathafter high-level spinal cord injury; or 4) history of chronic
cardiopulmonary disease.
Treatment procedures
Physical examinations, laboratory assays (including ar-
terial blood gas analysis), and imaging (including spiral
chest CT scanning for 28 patients and chest X-ray for
four) were performed for all patients. Electrocardiogram,
intravenous infusion, and ventilator-assisted respiration
were also performed according to the progress of emer-
gency rescue. In addition, antibiotics, closed thoracic
drainage, blood product infusion, wound debridement,
fiberoptic bronchoscope-assisted airway secretion clear-
ance, analgesia, sedation, and treatment of complications
were performed if necessary.
In addition to the treatments described above, for
the patients in the conservative group, non-surgical
treatments included pressure bandaging and external
fixation with pectoral girdle. For the patients in the
surgery group, conventional rib fracture plating was
performed [8].
Arterial blood gas analysis was performed as respira-
tory and ventilator parameters were changed in both
the groups. Once hemodynamics was stable and no
hypoxemia (FiO2 ≤ 40 %) or hypercapnia was found,
spontaneous breathing trials were also performed to
help accelerate ventilator weaning.
Internal fixation of rib fractures was performed as
follows [8]. An incision was made at the center of the
collapsed area of the thoracic cage after general anesthesia.
Separation of the subcutaneous tissues was performed,
and the fractured ends were exposed along the distribu-
tion of the muscles (resection of the muscle fibers was
minimized during the process). To avoid damage to the
intercostal arteries and nerves, the periosteum should be
separated carefully. The fractured ends were pulled to-
gether and fixed with low-profile titanium-locking plates,
and then a surgical drain was subcutaneously implanted.
Data collection
Mechanical ventilation time, intensive care unit (ICU)
stay time, pulmonary infection, therapeutic time of anti-
biotics, acute physiology and chronic health evaluation
II (APACHE II) score 7 and 14 days after trauma, rate of
tracheostomy, and rate of endotracheal re-intubation
were collected and analyzed.
Injury severity scores (ISS) were calculated as the sum
of squares of the highest abbreviated injury scale (AIS)
score of three different body regions. The severity was
classified according to the guidelines by Baker et al.: ISS
<16 was classified as minor injury, ISS 16–24 was classi-
fied as severe injury, and ISS >25 was classified as crit-
ical injury. As for patients with an AIS equal to 6 in one
or more regions, the ISS score was automatically set as
Table 2 Patients’ clinical data
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is substantially increased, while which with ISS >50 is
extremely high.
APACHE II scores were determined as originally
described [14].
Statistical analysis
SPSS 16.0 (SPSS Inc., Chicago, IL, USA) was used for
statistical analysis. Continuous data were described as
means ± standard divisions (SD) and analyzed using the
Student’s t-test. Categorical data were analyzed using the




Data from 363 patients with multiple rib fractures who
have been treated in our hospital between July 2007 and
July 2012 were reviewed; 41 patients met the inclusion
criteria, but according to our exclusion criteria, 32 pa-
tients were enrolled in this study finally. Fifteen patients
(12 males and 3 females; mean age of 39.0 ± 11.6 years,
ranging from 18 to 58 years) received conservative treat-
ments, while 17 patients (12 males and 5 females; mean
age of 36.4 ± 13.5 years, ranging from 15 to 61 years)
underwent surgery. The mean number of rib fractures
was 7.4 ± 1.6 in the conservative group and 6.8 ± 2.1 in
the surgery group. Eleven patients in the conservative
group and 13 patients in the surgery group suffered
from pulmonary injuries, and the mean ISS scores were
24.0 ± 8.0 and 21.8 ± 7.8, respectively. The mean APA-
CHE II scores were 15.3 ± 7.2 and 13.7 ± 5.5 in the con-
servative and surgery groups, respectively. There was
no significant difference in age, gender, number of rib
fractures, rate of pulmonary contusion, ISS scores, and
APACHE II scores between the two groups (Table 1).
Therefore, the two groups of patients were comparable.
One patient in the conservative group died from crit-
ical acute respiratory distress syndrome (ARDS) induced








Age (year, mean ± SD) 37.6 ± 12.5 39.0 ± 11.6 36.4 ± 13.5 0.727
Gender (male/female) 24/8 12/3 12/5 0.593
Number of rib fractures
(mean ± SD)
7.1 ± 1.9 7.4 ± 1.6 6.8 ± 2.1 0.336
Pulmonary injury 24 11 13 0.838
ISS score (mean ± SD) 22.6 ± 8.0 24.0 ± 8.0 21.8 ± 7.8 0.879
APACHE II score at
admission (mean ± SD)
14.4 ± 6.3 15.3 ± 7.2 13.7 ± 5.5 0.461no broken or loose metal plates and wound infections
were observed.
Treatment efficacy
There was a difference in the mean mechanical ventilation
time between the two groups (conservative: 13.7 ± 4.4 vs.
surgery: 10.5 ± 3.7 days, P = 0.033). Further analysis
showed that for patients with pulmonary injuries, signifi-
cantly shorter mechanical ventilation time was needed for
the ones treated with surgical treatment (n = 13) com-
pared with the ones treated with conservative treatments
(n = 11; 10.4 ± 3.8 vs. 14.4 ± 5.0 days, P = 0.038). Mean
time of ICU stay was 19.6 ± 5.0 and 15.9 ± 5.0 days
for the patients in the conservative and surgery groups,
respectively (P = 0.047). There was no difference in
the mean antibiotic treatment duration between the two
groups. Pulmonary infection was found in 14 (93.3 %)
and 10 (58.8 %) patients in the conservative and surgery
groups, respectively (P = 0.024). There was a statistical
trend in the surgery group having fewer tracheotomies
(2) than in the conservative group (6) (P = 0.066). There
was no statistically significant difference in the rates of
endotracheal re-intubation (conservative: 3/15 vs. sur-
gery: 1/17, P = 0.288).
On average, the APACHE II score decreased by about
1.9 on the seventh day after admission compared with
the score at admission in the conservative group and
decreased by about 2.3 in the surgery group. The score
decreased by 4.2 and 7.2 on the 14th day after admission
in the conservative and surgery groups, respectively,
compared with the score at admission. The changes in
APACHE II scores showed that the condition improve-
ments were significantly better in surgery group as time
went by (Table 2).
For the patients in the surgery group, the surgeries
were performed 3–15 days after admission (mean time:
6.5 days). To explore the effects of operation timing on
the outcomes, the patients were classified into two sub-
groups, the early surgery group (time from trauma toGroup A Group B P-value
Ventilation time (mean ± SD) 13.7 ± 4.4 10.5 ± 3.7 0.033
ICU stay (mean ± SD) 19.6 ± 5.0 15.9 ± 5.0 0.047
Therapeutic time of antibiotics
(mean ± SD)
17.9 ± 6.7 14.9 ± 5.9 0.187
Pulmonary infection 14/15 10/17 0.024
Tracheostomy 6/15 2/17 0.066
Endotracheal re-intubation 3/15 1/17 0.288
APACHE II on the seventh day
(mean ± SD)
13.4 ± 5.8 11.4 ± 5.0 0.350
APACHE II on the 14th day
(mean ± SD)
10.1 ± 4.7 6.5 ± 3.8 0.021
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late surgery group (time from trauma to operation was
>5 days; 7 males and 3 females). Analysis showed that
an early operation could further shorten the ventilation
time compared with a late operation (7.9 ± 1.5 vs. 12.3 ±
1.7 days, P = 0.008).Discussion
The use of surgery for the treatment of flail chest is
still controversial [5]. The aim of this study was to
compare surgical vs. nonsurgical treatment for severe
flail chest. Results showed that clinical outcomes were
better in the surgery group, such as total mechanical
ventilation time, ICU stay, pulmonary infection rate,
and APACHE II scores on the 14th day. These results
suggest that surgical treatment of severe flail chest re-
sulted in improved short-term outcomes compared with
a conservative treatment approach.
A prospective randomized clinical trial by Tanaka
et al. [15] reported that the mean ventilation time in the
surgical treatment group (10.8 ± 3.4 days) was signifi-
cantly shorter than in the conservative treatment groupFig. 1 a–b Fifty-five-year-old patient (the surgery group) sustaining anterolate
pancreatitis, rupture of the spleen. c Endotracheal intubation and insertio
stabilization of ribs 3–6 was performed 4 days after admission and extub(18.3 ± 7.4 days), and that ventilator weaning could be
successfully performed 2.5 ± 3.2 days after operation for
patients in the surgical treatment group. In the present
study, the ventilation time was 13.7 ± 4.4 days in the
conservative group, while the ventilation time was sig-
nificantly shorter in the surgical group (10.5 ± 3.7 days).
These results are consistent with those published in a
recent meta-analysis [10]. Early ventilator weaning may
reduce the stress caused by invasive endotracheal intub-
ation and decrease the use of sedative-analgesic drugs
but also significantly reduce the incidence of ventilator-
associated pneumonia and in turn reduce the ICU stay
and overall hospitalization expenses.
According to Galan et al. [16], pulmonary contusion
could be found in about 75 % of flail chest patients. Pul-
monary contusion, which leads to pulmonary vasocon-
striction and thereby shunt and mismatch, is one of the
main factors that could induce respiratory distress in
these patients. Voggenreiter et al. [17] found that surgi-
cal treatment for flail chest patients with pulmonary
contusion did not significantly reduce ventilation time
and ICU stay, which could be caused by the presump-
tion that hypoxemia and respiratory distress are mainlyral flail chest due to segmental fracture of ribs 4–9, hematopneumothorax,
n of a chest tube immediately after entering ICU. d Chest wall
ation at the third day after surgery
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pulmonary contusion, not by paradoxical breathing. The
findings of the present study showed that for flail chest
patients with pulmonary contusion, shorter ventilation
time was needed in patients who underwent surgery com-
pared with those who received conservative treatment.
We propose that paradoxical breathing could not only
induce mediastinal swing and influence the circulation
system but also greatly decrease tidal volume [2], which
could be improved by surgery.
Pulmonary infection is a common complication during
flail chest treatment. Studies have reported that pulmon-
ary infection is one of the main factors associated with
longer time of mechanical ventilation and ICU stay, as
well as with poor prognosis [18]. In the present study, the
rate of pulmonary infection was significantly lower in the
surgical group compared with the conservative group.
This could be explained, at least in part, by the following
reasons: 1) early ventilator weaning could effectively de-
crease the incidence of ventilator-associated pneumonia;
2) early ventilator weaning allows early ambulation, phys-
ical exercise therapy, and autonomous cough and expec-
toration, which could reduce the accumulation of airway
secretions, and prevent hypostatic pneumonia and even
lobar atelectasis. As previously shown, the requirement
for tracheostomy and endotracheal re-intubation could
increase in patients needing long-term mechanical venti-
lation or for patients with weaning difficulties [19, 20].
Therefore, since surgical treatment of flail chest is associ-
ated with a shorter requirement for mechanical ventila-
tion, surgery should decrease the need for tracheostomy
and endotracheal re-intubation.
APACHE II score is a reliable parameter for the evalu-
ation of condition severity in critically ill patients [14].
In the present study, no significant difference in APA-
CHE II score was found between the two groups at
admission and on the seventh day after admission. How-
ever, the scores were statistically different (in favor of
the surgical treatment group) on the 14th day after
admission between the two groups. As the mean time
between trauma and surgery was 6.5 days in the present
study, these findings could further confirm that surgical
treatment could lead to better outcomes compared with
the conservative treatment. The improvement of the over-
all condition could also directly reduce the treatment cost.
Bhatnagar et al. [21] also reported that although additional
costs were needed for surgical treatments, the overall
hospitalization expenses could still be lower than the
expenses for the patients in the conservative treatment
group.
The time of ICU stay was significantly shorter in the
surgical group compared with the conservative group,
which was in accordance with our results about shorter
ventilation time, lower incidence of pulmonary infection,and better overall condition improvement in the surgical
group compared with the conservative group. A meta-
analysis in flail chest patients [10] also demonstrated
that surgical treatment could shorten the ICU stay by
about 3.4 days compared with a conservative treatment.
The study by Voggenreiter et al. [17] showed that for
patients treated with surgery within 48 h after trauma,
the average time to tracheal extubation was 6.5 days. In
the present study, results may suggest that an early oper-
ation could result in a shorter mechanical time (7.9 days),
ICU stay (12.1 days), and therapeutic time of antibiotics
(10.4 days) compared with patient who underwent a late
surgery (12.3, 18.6, and 18.3 days, respectively). As is
shown on Fig. 1, one patient with an early surgical fixation
was extubated on postoperative day 3. In addition to being
a retrospective analysis, the present study may suffer from
additional limitations. First, the sample size was relative
small. Finally, the understandings of the indications for
surgical treatment were different among different clini-
cians. Therefore, further large multicenter studies are re-
quired to answer this issue.
Conclusions
In summary, internal fixation could be a good treat-
ment approach for severe flail chest, providing early
stabilization of the loose thoracic wall, correction of para-
doxical breathing, reduction of the time of mechanical
ventilation and ICU stay, decreasing the possibility of pul-
monary infection, and prevention of residual thoracic de-
formities and subsequent long-term effects on pulmonary
function.
Competing interests
The authors declare that they have no competing interests.
Authors’ contributions
JQX drafted the manuscript, handled the acquired data, and performed
literature research; PLQ was responsible for data acquisition; RGY proposed,
designed, and supervised the study and corrected the manuscript; SRG, YY,
and XLS helped to design the study and analyze the data. All authors read
and approved the final manuscript.
Acknowledgements
This work was supported by national clinical key specialty construction
project (2011–170), Tianpu Corporation (01200914) and Scientific research
innovation fund of The Fujian Province Health Department (2009-CXB-1).
We wish to thank Haixia Wang, MD (Department of E.N.T. of The Affiliated
People’s Hospital of Fujian University of Traditional Chinese Medicine) for
the help in data analysis and interpretation.
Funding
This study was funded by: the National Clinical Key Specialty construction
project (2011–170); Tianpu Corporation (01200914); Scientific research
innovation fund of The Fujian Province Health Department (2009-CXB-1).
Received: 5 November 2014 Accepted: 15 May 2015
References
1. Ciraulo DL, Elliott D, Mitchell KA, Rodriguez A. Flail chest as a marker for
significant injuries. J Am Coll Surg. 1994;178(5):466–70.
Xu et al. European Journal of Medical Research  (2015) 20:55 Page 6 of 62. Davignon K, Kwo J, Bigatello LM. Pathophysiology and management of the
flail chest. Minerva Anestesiol. 2004;70(4):193–9.
3. Sirmali M, Turut H, Topcu S, Gulhan E, Yazici U, Kaya S, et al. A
comprehensive analysis of traumatic rib fractures: morbidity, mortality and
management. Eur J Cardiothorac Surg. 2003;24(1):133–8.
4. Avery EE, Benson DW, Morch ET. Critically crushed chests; a new method of
treatment with continuous mechanical hyperventilation to produce alkalotic
apnea and internal pneumatic stabilization. J Thorac Surg. 1956;32(3):291–311.
5. Nirula R, Mayberry JC. Rib fracture fixation: controversies and technical
challenges. Am Surg. 2010;76(8):793–802.
6. Simon B, Ebert J, Bokhari F, Capella J, Emhoff T, Hayward 3rd T, et al.
Management of pulmonary contusion and flail chest: an Eastern Association
for the Surgery of Trauma practice management guideline. J Trauma Acute
Care Surg. 2012;73(5 Suppl 4):S351–61.
7. Khandelwal G, Mathur RK, Shukla S, Maheshwari A. A prospective single
center study to assess the impact of surgical stabilization in patients with
rib fracture. Int J Surg. 2011;9(6):478–81.
8. Lafferty PM, Anavian J, Will RE, Cole PA. Operative treatment of chest wall
injuries: indications, technique, and outcomes. J Bone Joint Surg Am.
2011;93(1):97–110.
9. Fitzpatrick DC, Denard PJ, Phelan D, Long WB, Madey SM, Bottlang M.
Operative stabilization of flail chest injuries: review of literature and fixation
options. Eur J Trauma Emerg Surg. 2010;36(5):427–33.
10. Leinicke JA, Elmore L, Freeman BD, Colditz GA. Operative management
of rib fractures in the setting of flail chest: a systematic review and
meta-analysis. Ann Surg. 2013;258(6):914–21.
11. Marasco SF, Davies AR, Cooper J, Varma D, Bennett V, Nevill R, et al.
Prospective randomized controlled trial of operative rib fixation in traumatic
flail chest. J Am Coll Surg. 2013;216(5):924–32.
12. Mayberry JC, Ham LB, Schipper PH, Ellis TJ, Mullins RJ. Surveyed opinion of
American trauma, orthopedic, and thoracic surgeons on rib and sternal
fracture repair. J Trauma. 2009;66(3):875–9.
13. Baker SP, O’Neill B, Haddon Jr W, Long WB. The injury severity score: a
method for describing patients with multiple injuries and evaluating
emergency care. J Trauma. 1974;14(3):187–96.
14. Knaus WA, Draper EA, Wagner DP, Zimmerman JE. APACHE II: a severity of
disease classification system. Crit Care Med. 1985;13(10):818–29.
15. Tanaka H, Yukioka T, Yamaguti Y, Shimizu S, Goto H, Matsuda H, et al.
Surgical stabilization of internal pneumatic stabilization? A prospective
randomized study of management of severe flail chest patients. J Trauma.
2002;52(4):727–32. discussion 732.
16. Galan G, Penalver JC, Paris F, Caffarena Jr JM, Blasco E, Borro JM, et al. Blunt
chest injuries in 1696 patients. Eur J Cardiothorac Surg. 1992;6(6):284–7.
17. Voggenreiter G, Neudeck F, Aufmkolk M, Obertacke U, Schmit-Neuerburg
KP. Operative chest wall stabilization in flail chest—outcomes of patients
with or without pulmonary contusion. J Am Coll Surg. 1998;187(2):130–8.
18. Cannon RM, Smith JW, Franklin GA, Harbrecht BG, Miller FB, Richardson JD.
Flail chest injury: are we making any progress? Am Surg. 2012;78(4):398–402.
19. Althausen PL, Shannon S, Watts C, Thomas K, Bain MA, Coll D, et al. Early
surgical stabilization of flail chest with locked plate fixation. J Orthop
Trauma. 2011;25(11):641–7.
20. Slobogean GP, MacPherson CA, Sun T, Pelletier ME, Hameed SM. Surgical
fixation vs nonoperative management of flail chest: a meta-analysis. J Am
Coll Surg. 2013;216(2):302–11. e301.
21. Bhatnagar A, Mayberry J, Nirula R. Rib fracture fixation for flail chest: what is
the benefit? J Am Coll Surg. 2012;215(2):201–5.Submit your next manuscript to BioMed Central
and take full advantage of: 
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at 
www.biomedcentral.com/submit
